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54: Method for polishing semiconductor elements and method for 
making a polishing stone therefor. 
71: Applicant: Hitachi Co. Ltd. 

57: Summary 

Objective: To provide a method for fabrication to be used in 
polishing or planarizing silicon wafers for semiconductor 
devices, wiring materials formed on the silicon wafer or 
inter-layer insulation for making laminated circuits. 
Solving Means: Polishing is performed using a polishing stone 
described below. The polishing stone used has an essential 
composition comprised by 100 volume percent of a thermosetting 
porous resin, produced either by self-foaming or a foaming agent, 
having a softening temperature of 50-180 °C; and 50-2 00 volume 
percent of abrading particles having an average particle size 
of 1-5 m, and is produced by pulverizing a porous thermosetting 
resin, having a softening temperature of 50-180 °C, of a self 
foaming type or a foaming agent assisted type, alone or in 
combination with abrading particles having an average particle 
size in a range of 0.1-5 m size, to produce a powder having 
an average particle size of less than 5 m; mixing the two 
powders uniformly to produce a dispersion; pouring the 
dispersion into a mold to produce a formed body by pressing 
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at 140-220 °C and with a pressing pressure of 0.1-20 kg/cm 2 so 
as to obtain a porosity factor in a range of 40-60 volume 
percent. 
[Claims] 

1. A method for polishing by using a resin-bonded 
polishing stone comprising the steps of: forming a thin film 
on top of a substrate base having fabricated patterns comprised 
by high and low spots; and pressing a polishing tool surface 
on a surface having the fabricated patterns and subjecting a 
surface of the substrate base having the fabricated pattern 
and a surface the polishing tool to a relative motion so as 
to level the high and low spots; wherein the polishing tool 
used has an essential composition comprised by 100 volume 
percent of a thermosetting porous resin, produced either by 
self-foaming or a foaming agent, having a softening temperature 
of 50-180 °C; and 50-200 volume percent of abrading particles 
having an average particle size of 1-5/^m. 

2 . A method according to claim 1 featuring a foam type 
thermosetting porous resin as a component of the resin-bonded 
polishing stone is comprised by 45-8 0 weight percent of a phenol 
resin, 5-2 0 weight percent of a hexamethylenetetramine resin 
and 0-50 weight percent of a melamine resin. 

3. A method according to one of claim 1 or 2 featuring 
abrading particles as a component of the resin-bonded polishing 
stone are comprised by at least one selected from silica oxide 
and alumina. 

4 . A method according to one of claims 1 to 3 featuring 
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the resin-bonded polishing stone made of foam type 
thermosetting porous resin is produced by selecting at least 
one forming agent selected from the group containing: 
dinitropentamethyl tetramine, azodicarboxylamide, p, p'- 
oxybisbenzene sulf onylhydrazide, p-toluene sulf onylhydrazide, 
p-toluenesulf onylacetonehydrazide, hydrazidecarboxyl amide . 

5. A method for making a resin-bonded polishing stone 
by pulverizing a porous thermosetting resin , having a softening 
temperature of 50-180 °C, of a self foaming type or a foaming 
agent assisted type, alone or in combination with abrading 
particles having an average particle size in a range of 0.1-5 
jam size, to produce a powder having an average particle size 
of less than 5jum} mixing the two powders uniformly to produce 
a dispersion; pouring the dispersion into a mold to produce 
a formed body by pressing at 140-220 °C and with a pressing 
pressure of 0.1-20 kg/cm 2 so as to obtain a porosity factor in 
a range of 40-60 volume percent. 

6. A method for polishing wafers or device isolation 
insulation film and lamination wiring materials featuring the 
use of a resin-bonded polishing stone according to claim 5. 
[Detailed Explanation of the Invention] 

[0001] 

[Technological Field of the Invention] This invention relates 
to a planarization technology for producing a flat surface by 
polishing on a substrate surface, and relates in particular 
to a polishing method and a polishing stone used in the process 
of manufacturing semiconductor integrated circuits. 
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[0002] 

[Conventional Technology] Semiconductor device production is 
comprised by many processing steps, but an example of wiring 
process which is pertinent to this invention will be explained 
with reference to Figure 1 (a)-(f ). Figure 1 (a) shows a cross 
sectional view of a wafer having a first layer formed thereon. 
On the surface of the substrate 1 on which transistors are 
fabricated, there is an insulation layer 2, and on top of it, 
there is a wiring layer" 3 made of aluminum and the like. Because 
it is necessary to make electrical contacts with the transistors , 
contact holes are provided on the insulation layer 2 so that 
these regions are somewhat depressed. In the wiring process 
for the second layer shown in Figure 1 (b), an insulation layer 
4 and an aluminum metal layer 5 are formed on the first layer, 
and further, to make a wiring pattern on the aluminum layer, 
a photoresist layer 6 is formed for photo-exposure. Next, as 
shown in Figure 1 (c), using a stepper 7, a wiring pattern of 
the second layer is imprinted by exposure transfer on the resist 
layer 6 . In this case, if the surf ace of the photoresist layer 
6 is uneven, simultaneous focusing cannot be obtained on the 
high-spots and low-spots 8 on the photoresist layer 6, as 
illustrated in the drawing, creating a serious problem of poor 
image resolution. To resolve such a problem, a planarization 
processing to be described below is being examined. After the 
step shown in Figure 1 (a), after making an insulation layer 
4 as shown in Figure 1 (d) , the surface is polished by a method 
described later to a level 9 shown in the drawing to obtain 
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a condition shown in Figure 1 (e) . After which step, the metal 
alumina layer 5 and the photoresist layer 6 are formed and the 
stepper 7 is used to expose the layer 6, as shown in Figure 
1(f). In this condition, the surface of the photoresist is 
flat and there will be no problem of poor resolution. Figure 
2 shows a conventional mechanical chemical polishing method 
commonly used. A polishing pad 11 is bonded to a disk table 
12 and is rotated. This polishing pad uses, for example, a thin 
slice of a formed urethane resin in a thin sheet form, and 
depending on the type of polishing object and the desired degree 
of surface finish, various materials and fine surface 
structures of the polishing tool are selectively used. In the 
meantime, the wafer 1 to be fabricated is fixed to a wafer holder 
14 with an intervening elastic pad 13. The wafer holder 14 is 
rotated and is press loaded onto the surface of the polishing 
pad 11 and slurry 15 is supplied on the surface of the polishing 
pad 11 to remove the protrusion on the insulation layer 4 of 
the wafer, thereby planarizing the wafer. In general, 
colloidal silica is used as a polishing slurry. Colloidal 
silica is comprised by fine particles of about 30 nm diameter 
suspended in an emulsion of alkaline aqueous solution such as 
potassium hydride, because of the added chemical effects 
produced by alkaline substance, it provides a feature that the 
fabrication productivity is significantly higher and produces 
less damage on the polished surface. Such a method of polishing 
by supplying a slurry between the polishing pad and the 
polishing object is well known as free-particle polishing 
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technique. However, the conventional technique of free- 
particle polishing of wafers presents two problems. One is 
that because it is forced to use a soft polishing pad when 
fabricating the wafer, sufficient planarization cannot be 
produced depending on the type of pattern and the extent of 
the difference between the high and low spots. Other problem 
is the cost of consumables represented by a large amount of 
high purity slurry that is necessary for the polishing process . 
A conventional technique known as fixed-particles polishing 
method (reported in Proceedings of the 1st International ABTEC 
Conference, P80-85, Seoul, 1993/11), but it is known that 
scratches are often produced on the fabricated surface. This 
is because the composition and properties of the polishing stone 
are not matched to the needs of the planarization polishing 
of semiconductor device elements. Conventionally, if the most 
flat mirror polished surface is required, a resin-bonded 
(resinoid) stone is often used. 

[0003] It is known that porous resin-bonded stone made by 
foaming the resin is known to produce excellent polishing for 
hard and brittle materials such as silicon wafers, but as 
disclosed in a Patent Application, Second Publication, . Show 
54-551 or a Patent Application, First Publication, Show 
63-150162 for example, such porous resin-bonded stones can be 
produced by: adding abrading particles, carbolic acid, 
formalin and an acidic catalyst and the like to an aqueous 
solution of polyvinyl alcohol; mixing thoroughly to make a 
slurry-like mixture and pouring the mixture into a mold; heating 
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the mold to form a formed body by causing an acetal reaction 
of polyvinyl alcohol and simultaneously causing an initial 
condensation reaction between carbolic acid and formalin; 
removing the formed body from the mold and washing thoroughly 
with water; drying; and heating to a higher temperature to 
complete the initial condensation reaction; thereby producing 
a porous polyacetal stone having fine pores. Also, as 
disclosed in a Patent Application, First Publication, Show 
58-223565, another method is to coat the surface of abrading 
particles with the initial condensation reaction product of 
liquid phenol resin; attaching novolac resin powder on their 
surface; pouring into a mold to cold or hot press; and sintering 
the molded body. 
[0004] 

[The Problem to be Solved] To obtain a better flat surface by 
polishing the surface with such a porous resin-bonded stone 
without causing scratches, it is necessary to refine the 
particle size in the stone. However, when the particles are 
pulverized finer, the specific surface of the powder increases 
so that the viscosity of the mixture increases rapidly, thereby 
significantly down the processes of mixing, pre-reacting and 
pre-forming operations to affect the productivity, but the 
porosity does not increase to the extent that is desired and 
the polishing speed of the stone is reduced markedly. To 
resolve such problems, it may be considered to lower the 
viscosity of the resin or increase the amount of dilution 
solvent and dispersive agent. However, although the 
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efficiency of forming operations can be improved, other 
problems are introduced, such as the difficulty of producing 
a uniform formed body because of settling of the abrading 
particles in the process of hardening the resin, and the 
necessity of mechanically producing the foam or adding foaming 
agents, resulting that it has been difficult to produce 
polishing stones having uniform properties as well as fine pores . 
Therefore, the conventional resin-bonded stones thus obtained 
presented problems of susceptibility to plugging of the pores, 
insufficient speed of polishing and causing damage to the 
polishing object. 

[0005] Also, because the conventional methods depend on the 
use of resins and solvents or dispersive agents, there is a 
problem of working with mixing and forming the slurry-state 
material. For these reasons, there has been a strong demand 
for porous resin-bonded polishing stone that can be formed 
easily, has uniform chemical composition and evenly 
distributed pores of uniform size, provide fast polishing speed 
and can produce a flat polished surface without causing damage 
to the surface. 
[0006] 

[Means for Solving the Problem] This invention was made in view 
of the background described above, and provides a fabrication 
method for polishing and planarizing of objects especially 
silicon wafers and wiring materials formed on the surface of 
the silicon wafer or device isolation insulation film and formed 
when making a laminated wiring structure. In more detail, the 
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invention relates to a porous resin-bonded polishing stone 
having fine particles of abrading material, and polishing is 
performed using a stone that is easy to be formed and has a 
uniform composition and pore size and distribution, and the 
invention further provides a resin composition and a porous 
body made from the resin that are optimized to the purpose. 
The specific means relates to an essential composition 
comprised by 100 volume percent of a thermosetting porous resin, 
produced either by self -foaming or a foaming agent, having a 
softening temperature of 50-180 °C; and 50-200 volume percent 
of abrading particles having an average particle size of 1-5 
jUm, and is produced by pulverizing a porous thermosetting resin, 
having a softening temperature of 50-180 °C, of a self foaming 
type or a foaming agent assisted type, alone or in combination 
with abrading particles having an average particle size in a 
range of 0.1-5/zni size, to produce a powder having an average 
particle size of less than 5//m; mixing the two powders uniformly 
to produce a dispersion; pouring the dispersion into a mold 
to produce a formed body by pressing at 140-220 °C and with a 
pressing pressure of 0.1-2 0 kg/cm 2 so as to obtain a porosity 
factor in a range of 4 0-60 volume percent. 
[0007] 

[Preferred Embodiments] The thermosetting foaming resin used 
in this invention relates to a self -foaming type phenol resin, 
melamine resin, polyurethane resin or a formulation including 
these resins and thermosetting resins such as urea resin, epoxy 
resin, unsaturated polyester resin, silicone resin, polyimide 



9 



resin, cyanate ester resin, or a benzoxazine resin together 
with a foaming agent. Of these thermosetting foaming resins, 
one that is most suited to this invention is a phenol resin 
with hexamines as a hardener or an addition of a melamine resin 
thereto. In this context, a phenol resin relates to an 
intermediate resin body obtained by reacting a phenol group 
with formaldehyde in the presence of an acid or alkaline 
catalyst, or an intermediate resin body obtained by thermal, 
ionic or radical polymerization of vinylphenol, n- 
propenylphenol , isopropenylphenol , n-butynylphenol or their 
derivatives, and relates to those materials that can produce 
a three dimensional network, when heated singly or with an amine 
group thermosetting resin, such as hexamethylenetetramine. 
Hexamethylenetetramine [(CH 2 ) 6 N 4 ] is a powder that sublimes at 
2 63 °C, and is a chemical compound widely used as a hardener 
(bridging agent) for phenol resins. Melamine resin is an 
intermediate body (methyrollized melamine) produced by 
addition polymerization of melamine and formaldehyde in the 
presence of alkaline catalyst, and when heated in the presence 
of an acidic catalyst, it hardens by releasing water and 
formaldehyde to produce a three-dimensional network structure. 
[0008] When using a phenol resin hardened by hexamines as the 
hardener or when it used together with a melamine resin to make 
a porous resin-bonded polishing stone of this invention, it 
is preferable that phenol resin be in a range of 45*80 w/o, 
hexamethylenetetramine in a range of 5-2 0 w/o and (c) melamine 
resin in a range of 0-50 w/o . The reason will be explained below. 
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That is, when the phenol resin is less than 4 5 w/o, the hardened 
resin is too brittle, and when it is more than 85 w/o, foaming 
and hardenability properties are reduced. Also, when 
hexamethylenetetramine is less than 5 w/o, hardenability and 
foaming properties are reduced, and when it is more than 20 
w/o, the hardened product becomes extremely brittle. The 
objective of this invention can be achieved by selecting a resin 
made from a phenol group resin and hexamethylene tetr amine as 
a hardening agent only, but to obtain a product that is highly 
elastic and to produce a large amount of fine pores uniformly, 
it is preferable to use a melamine resin in the process . However, 
it is preferable to keep the amount less than 50 w/o because, 
when the amount exceeds 50 w/o, hardenability and foaming 
properties are reduced, and the product becomes brittle. 
[0009] In this invention, the reason for selecting a softening 
temperature of 5 0-180 °C for the porous thermosetting foaming 
resin is that, when the softening temperature is lower than 
50 °C, when the resin component is pulverized by itself or 
together with abrasive particles, the resin components 
agglomerate or adhere to the pulverizing equipment to make it 
difficult to pulverize, and furthermore, after the pulverizing 
process the product is susceptible to clustering. On the other 
hand, when the softening temperature is higher than 180 °C, it 
is necessary to increase the hardening temperature and the 
process becomes difficult to carry out. The foaming agent 
added to provide a foaming ability to the thermosetting resin 
is because, when it is added to the thermosetting resin and 
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heated, it thermally decomposes at a certain temperature and 
generates nitrogen (N 2 ), carbon dioxide (C0 2 ), ammonia (NH 4 ), 
formaldehyde (CH 2 0) and others resulting in the formation of 
a large volume of gas bubbles, and specifically includes such 
substances as : dinitropentamethyltetramine, 

azodicaroxylamide , p , p ' -oxybisbenzenesulf onylhydrazide , 
p-toluene sulf onylhydrazide , p-toluence 

sulfonylacetonehydrazide, hydrazidecarboxylamide and the like. 
It is preferable that these foaming agents be used in a range 
of 0-20 w/o, and more preferably 0-10 w/o. 

[0010] Abrading particles are not particularly limited, and 
those commercially available generally are acceptable, 
including cesium oxide, silica, alumina and others such as 
silicon carbide, boron carbide, zirconium, diamond, sapphire, 
depending on the purpose. In particular, for semiconductor 
uses, it is preferable to choose at least one from cesium oxide, 
silica and alumina. The diameter of the particles has a 
profound influence on the polishing characteristics, and 
coarser particles are preferable from the standpoint of 
polishing speed, but for planarization without causing 
scratches, finer particles are said to be preferable. However, 
in this invention, because the stone is porous and the formed 
body is made after mixing the particles and the resin components 
in the powder form, it is possible to optimize the binding force 
between the resin components and the particles. For this 
reason, during the polishing operation, the surface of the stone 
is worn away and surfaces are renewed constantly. The result 
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is that even though fine abrading particles are used, fast 
polishing speed can be obtained, so that, in this invention, 
it is preferable to used abrading particles in an average size 
range of 0.1-5 //m, more preferably 0.3-1 jam. The average 
particle size includes those primary particles belonging in 
this size range, but it can also include secondary clustered 
particles that are in the same range. It is preferable that 
the particle distribution pattern be narrow. It is not 
desirable to use particles of less than 0.1//m size, because 
the degree of fusing between the particles and the resin 
component is dramatically reduced. The reason for choosing a 
volume ratio of particles to resin components in a range of 
50-200 v/o with respect to 100 v/o of resin is that, below 50 
v/o ratio, sufficient polishing cannot be produced. When the 
volume ratio exceeds 200 v/o, looseness of the structure of 
particles and resin becomes insufficient and the mixture 
becomes harder to bond during the forming process, resulting 
in brittle product and the stone may break up or particles may 
drop off during the polishing process and polishing cannot be 
carried out sufficiently. 

[0011] In this invention, resin component is pulverized by 
itself or after the abrading particles are to it, and is broken 
down to particles of less than 5//m size and is mixed uniformly 
with the resin component. This is an important point of this 
invention, and differs from the conventional method of making 
the resin-bonded stones. The reason for breaking the resin 
component to less than 5/ULm size by itself or with particles 
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added is to disperse and mix the resin component and abrading 
particles as much as possible, and it is preferable that the 
resin component be pulverized to less than 5 ju m. For 
pulverizing and mixing operation, ball mill, mixers and the 
like can be used but pulverizing and surface improvement devices 
based on mechanochemical effects can also be utilized. When 
such devices are used to break up and mix the resin component 
and the particles , the device itself should be cooled to greatly 
improve the pulverizing efficiency. When the resin component 
is being pulverized separately, the particles may be added to 
it to mix uniformly and obtain the desired feed material for 
making the . polishing stone. 

[0012] The mixture thus obtained is press formed at a mold 
temperature of 140-220 °C, pressure of 0.1-20 kg/cm 2 to result 
in a porous formed body having a porosity factor in a range 
of 40-60 v/o. Temperatures less than 140 °C are not desirable 
because the resin hardening reaction takes too long and foaming 
is insufficient and the resulting porosity factor is 
insufficient. Temperatures higher than 22 0 °C are not 
desirable because the forming process becomes difficult. The 
reason for forming at pressures in a range of 0.1-20 kg/cm 2 is 
that, below 0.1 kg/cm 2 , the porosity factor becomes too large 
and resin component and the particles do not bond sufficiently 
resulting that the formed body becomes brittle. And, if the 
pressure is less than 20 kg/cm 2 , the porosity factor becomes 
too small, and sufficient polishing action cannot be produced. 
[0013] The resin compositions are able to produce formed body 
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having uniform distribution of constituents and particles and 
the degree of bonding, by performing press forming at a suitable 
temperature and pressure range, but parameters may be varied 
as necessary within a range to not cause the properties of the 
stone to degrade, such as foaming agents for adjusting the size 
of the pores and uniformity, additives for adjusting the 
uniformity the dispersion of particles, resin infiltration and 
wettability, coupling agents for adjusting the binding 
strength between the resin component and the abrading particles . 
In such cases , foaming agents may include modified polysiloxane 
compounds, silicone resins. Also, additive agents for 
adjusting the uniformity the dispersion of particles, resin 
infiltration and wettability may include polycarbonyl acid, 
alkylamine base, long-chain polyaminoamide and polarized ester 
acid salts, anionic and nonion type multi-sensory polymer 
alkylolamines , high molecular weight copolymer, high polymer 
non-saturated polycarbonyl acid, acrylic acid or ammonium salt 
or sodium salt of acrylic acid copolymer may be used. 
[0014] Coupling agents for adjusting the bonding between the 
resin composition and particles include: silane group coupling 
agents, y -glycidoxypropyltrimethoxysilane, 7 - 

glycidoxypropylmethyldiethoxysilane, 7 - 

aminopropylmethyltriethoxysilane, y - 

aminopropylmethyldiethoxysilane, N- y (aminoethyl) 7 - 

aminopropyltrimethoxysilane, N- j3 (aminoethyl) 7 - 

aminopropylmethyldimethoxysilane, 7 -methylkaptopropyl : 

methyldithoxysilane, or coupling agents including titanates, 
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zircoaluminates , or alumino-chelate group coupling agents may 
be used. Here, it is important, in the semiconductor field, 
not to contaminate the polishing objects. It is desirable that 
the resin components and abrading particles used in this 
invention and these additives should contain as little 
impurities as possible. Also, the additives other than the 
resin components should be limited to the least possible amount . 
[0015] In the resin-bonded polishing stone constituents used 
in this invention, the resin components play the role of fixing 
the particles but also plays a role in forming porosity created 
by foaming agents and by the water of condensation generated 
during the condensation process and formalin to produce bubbles 
in the formed body so that the stone has a water retention 
capability. In the polishing stone of this invention, because 
the formed body is made after mixing the particles and the resin 
components in the powder form, it is possible to optimize the 
binding force between the resin components and the particles. 
For this reason, during the polishing operation, the surface 
of the stone is worn away and surfaces are renewed constantly, 
and therefore, the polishing speed is high and scratches are 
less likely to be generated. Another feature is that a flat 
surface is obtained. 
[0016] 

[Preferred Embodiments] Next, this invention will be explained 
by means of preferred embodiments . 
Embodiment 1-11 

Resin composition was formulated by using a novolac type phenol 
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resin pulverized to l-O/zm average particle diameter and the 
softening temperature of 85 °C, a polyparavinyl phenol resin 
pulverized to 1 . 5 pi m average particle diameter and the 
softening temperature of 85 °C, a hexamethylenetetramine resin 
pulverized to 1.3/zm average particle diameter, and a melamine 
resin pulverized to 0.8/zm average particle diameter and the 
softening temperature of 9 5 °C. Abrading particles were cesium 
oxide of 0 . 6/zm average particle diameter . These material were 
mixed in a Hens hell mixer to produce various compositions shown 
in Table 1 to produce 11 types of feed materials desired 
compositions. The volume percentages of particles shown in 
Table 1 were obtained by computation using a density value of 
1.25, 1 .48, and 7.3, respectively, f or novolac type phenol resin 
and hexamethylenetetramine, melamine resin and cesium oxide. 
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[0017 ] 
Table 1 



Embodiment 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


Phenol resin 


37.5 


61.0 






61 . 0 


61.0 


61.0 


61.0 


61.0 


61.0 


61.0 


Polyvinyl phenol 
resin 






87 .5 


81.0 
















Melamine resin 




30.0 




30.0 


30.0 


30.0 


30 . 0 


30.0 


30 . 0 


30.0 


30.0 


Hexamethylenetetr 
amine 


12.5 


9.0 


12.0 


9.0 


9.0 


9.0 


9.0 


9.0 


9.0 


9. 0 


9.0 


Cesium oxide 


580 


580 


580 


580 


400 


830 


580 


580 


580 


580 


580 


Volume percentage 


(50) 


(50) 


(50) 


(50) 


(41) 


(60) 


(50) 


(50) 


(50) 


(50) 


(50) 


Mold temperature 
(°C) 


150 


140 


180 


200 


160 


Forming pressure 
(kgf /cm 2 ) 


0.5 


0.1 


3.0 


Forming time 
(minutes ) 


15 


Post-hardening 
(°C/min) 


160/60 


Porosity factor(%) 


50 


56 


52 


58 


45 


60 


52 


56 


57 


60 


40 


Comp . Strength 
(kgf /cm 2 ) 


13 


0.7 


1.1 


0.5 


2.1 


0.5 


0.8 


0.7 


0.6 


0.2 


2.3 


Comp. elasticity 
(kgf /cm 2 ) 


51 


30 


41 


26 


68 


11 


31 


27 


26 


12 


95 



[0018] Next, the samples were heated in a metal mold at 160 
°C, using a pressure of 1 kg/cm 2 for 15 minutes to produce samples 
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dimensions of 50 mm diameter by 10 mm thickness. After taking 
the formed bodies from the metal mold, they were subjected to 
hardening at 160 °C for one hour in a constant-temperature bath 
to completely harden the resin. The formed bodies thus 
produced had porosity factors of 40-60 v/o as shown in Table 
1 . The porosity factors shown were computed by determining the 
specific volume (inverse of specific gravity) with zero 
porosity from the table of compositions, and comparing these 
values with the actual specific volumes of the samples. The 
compressive properties of the formed bodies were roughly 
dependent on the porosity factors, so that the smaller the 
porosity factor the tendency is towards higher compressive 
strength and elastic strength. Next, samples from 1-4 and 11 
were chosen for polishing tests of the insulation layer fsi0 2 
of ljUia thickness) produced by a plasma CVD method. Polishing 
tests were performed by applying a load of 0.5 kgf/cm 2 on the 
porous formed body, and silicon wafer and the stone were rotated 
in the same direction at a relative speed of 10 cm/s. Polishing 
was continued for 3 minutes, and the total amount of material 
removed was divided by the polishing time to obtain an average 
polishing speed, and the surface roughness after polishing was 
measured . The results , shown in Table 2 , showed that the method 
is practical for obtaining suitable polishing speed and surface 
roughness . It was confirmed by microscope examination that the 
surface was totally free of scratches. 
[0019] 
Table 2 
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Embodiment 


1 


2 


3 


4 


11 


Polish speed 
nm/min 


80 


150 


100 


155 


30 


Surface 
roughness 


1.5 


2.0 


1.5 


2.0 


1.0 



[0020] An example of the processing steps for making a memory 
cell comprised by a capacitor and a transistor is shown in Figure 
3 (a)-(e) . Figure 3 shows a cross sectional view through a plane 
A- A' in Figure 4. Here, 110 refers to a source region, 120 a 
drain region, 111, 121 are respective connection sections, 210 
a capacitor lower electrode, 230 a capacitor upper electrode, 
106 a bit line and 141 a gate electrode. Figure 3(a) shows a 
cross sectional view of a p-type silicon substrate base 101 
having an element separation film 102 of silicon oxide film 
of 800 nm thickness made by selective oxidation of silicon for 
electrical isolation of memory cells and for gate insulation 
of MOS transistor for switching. After which, boron ion 
injection is performed for threshold voltage control of the 
MOS transistor, and polycrystalline silicon film of 300 nm is 
deposited as the gate' electrode 141 by means of chemical vapor 
deposition (referred to as CVD hereinafter). Next, .the gate 
electrode 141 and gate insulation film 130 are fabricated, as 
shown in Figure 3(b) by the known hot etching method. 
Phosphorous is added to the polysilicon layer to provide 
electrical conductivity. Next, arsenic ion injection is 
performed to fabricate the source region 110 and the drain 
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region 12 0 of the MOS transistor. Next, as shown in Figure 3(c), 
PSG (phosphorous glass) film 103 is deposited by CVD on the 
substrate surface to serve as an insulation layer to a thickness 
of 500 nm, and the substrate is then planar polished by removing 
about 200 nm. The elasticity factor of the polishing stone used 
to polish the PSG film 103 is 50 kg/mm 2 . After this step, a 
connection section 111 is formed on the PSG film and the bit 
lines 106 are fabricated (Figure 4). Next, as shown in Figure 
3(d), the PSG film 104 to serve as the inter-layer insulation 
is deposited by CVD to a thickness of 500 nm, and flat polishing 
is performed. Hot etching is used to fabricate openings on the 
PSG film 104 and to form a connection section 121. The surface 
of the PSG film is polished using a polishing stone having an 
elasticity factor of 50 kg/mm. In this case, by polishing the 
PSG film 104 first using a conventional soft polishing pad and 
flat polishing with the stone, less damage is created. Next, 
a polycrystalline film to serve as the lower capacitor electrode 
210 is deposited by CVD, and is fabricated to a desired shape. 
This polycrystalline film is also doped with phosphorous to 
provide electrical conductivity. Next, a capacitor insulation 
film 220 is deposited on top and capacitor electrode 230 are 
fabricated. (Figure 3(e)). By following such a method, it is 
possible to produce a better flatter surface on the surface 
of the memory cell compared with the conventional techniques 
to obtain semiconductor devices of higher reliability and 
fineness . 
[0021] 
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[Effects of the Invention] This invention enables to 
manufacture a resin-bonded porous polishing stone that is 
easily formed and has uniform composition and pore size and 
distribution, thereby making it possible to provide 
planarization, fabrication of fine patterns, laminations/ 
improved capabilities and high reliability for the production 
of semiconductor wafers having inter-layer insulation and 
.wiring materials as well as various kinds of other materials. 
[Simple Explanation of the Drawings] 

Figures l(a)-(f ) are illustrations of planarization steps of 
the surface of wafers. 

Figure 2 is an illustration o chemical mechanical method of 
polishing. 

Figures 3(a)-(e) are illustrations of the process of making 
a semiconductor device. 

Figure 4 is a plan view of the device shown in Figure 3(e). 
[Explanation of Reference Numerals] 



1 


wafer base 


2 


insulation film 


3 


wiring layer 


4 


insulation film 


5 


aluminum layer 


6 


photoresist film 


7 


stepper 


11 


polishing pad 


12 


disk table 


13 


pressing pad 


14 


wafer holder 


15 


slurry 


101 


silicon substrate 


102 


elements isolation film 


106 


bit line 


110 


source region 


120 


drain region 


141 


gate electrode 


210 


lower electrode section 
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23 0 upper electrode section 
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